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Abatraot 

In thla proaontation, I will dlacuas tha powar of ualng synoptic galactic 
survaya In sany wavalangth bands in ordor to obtain a mora conplata plctura 
and a battar undaratandlng of tha dynanlca of tha Intaratallar nodi urn and to 
study galactic structure and evolution on a largo scale* In particular* I 
will discuss tha in^llcatjons of tha picture prasantad by ast-wava CO« far 
Infrared and t-ray surveys of the Galaxy. 
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I* Introduction t 

In tht pnot doendo now teehnlquoo« In Addition to 21 en ourvoyo of HI 
goo, houo boon dowolopod to troeo and study tho opo**tl distribution of 
Intorotollar gas, particularly nolocular (R 2 ) clouds. Thoso now survey 
tochnlquos involve tho use of on-wavo far Infrared and Y~ray toloscopos. They 
have told us ouch about that component of the Interstellar gas, molecular 
clouds (MC) and giant nolocular clouds (GMC), which is most directly connected 
to extreme Population I phenomena In general (see Fig. 1). 

The new surveys have their different strengths and iioaknesses and also 
give complimentary Information. For example, most nn~wave surveys are 
undersampled and are made with a very email field of view (beam width) on a 
galactic scale. In addition, there are presently no nm-wave data over almost 
half of the galactic plane which Is only aceesslble tram the Southern 
Hemisphere. On the other hand, tho Y'ray data encompass a large, completely 
sampled, field of view and Include the entire galactic plane, however their 
limitations are poor angular resolution (1^~2^) and no velocity data. The nnu- 
wave measurements Involve uncertainties of the order of a factor of two In 
determining H 2 abundances from other molecular abundances, e.g. and 
CR 2 O. On the other hand, Y~ray data measure the product of cosmlc^ray 
Intensity and total gas density. As we will see, most probably the cosmlc-ray 
Intensity does not vary significantly over a scale of hpc, but there does 
appear to be a large scale (~ 5 kpc) gradient In the galactic cosmlc-ray 
Intensity (Stecker 1975; Stecker, Solomon, Scovllle and Ryter 1975; Stacker 
1977; Stecker and Jones 1977). The far Infrared (FIR) surveys trace the dust 
In molecular clouds (Faslo and Stecker 1976). They yield no velocity data and 
are particularly temperature sensitive (Iyig«T^). The point Is that by making 
use of all of the surveys, we can minimise the shortcomings of the Indlvldxial 
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studies sod reach a more eoaplete understanding of fofulation t gttenoMna and 
galactic structure. 

11. Y^hay Studies: 

The flux of (>100NeV) Y**rays expected fro* interactions of coa*ic rays in 
a cloud of mass N at distance h is 



< 1 ) 


where and are the loc««.c cosaic ray intensity and Y~ray enissivity 
per H atom. Recently^ the Buropecn COS-B collaboration has napped the Y**r*y 
eoisslon fro* the Orion region (Caraveo, et al. 19S0). the COS-B nap 
indicates a distinct correlation between the T~ra.y and GO naps with particular 
Y-ray enhancements associated with the Orion A, Orion B and Mon B2 coaplexes 
(see Figure 2). Using eg* (1) and assunlng (I/lj^^) • 1# l*e. cosnlc-rays 
freely penetrate the clouds and they have the same Intensity as In our part of 
the Galaxy, using M - (1.5-2) xlO^ for the Orion A and B regions (Blits 
1980) and R ■ 500 pc, we obtain a calculated flux 


F , - (1.3+0. A) X 10 “®cn *1 
cal 


( 2 ) 


as compared with the observed flux 

F . - (2+0.5) xlO'^ cn'^s"^. <3) 

ODS - 

The observations of Y~tadlatlon In the Orion region are thus consistent with 
assumptions of a uniform cosaic ray flux penetrating the clouds with roughly 
the local Intensity* Data from the p Oph complex and other regions support 
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this eoneltttlon (I«bruii and Paul 1978, Ualfandala 1981)* Hn nay alao Infar 
that alnea eoanlc raya panatrata tHa clood eoaplaxati aagnatic fialda alao 
panatrata than, eonnaeting than to tha aabiant gaa. 'Aila would aupport the 
pletura of cloud dynaolea propoaad by Blaagraan (1981 and thla workahop). Ub 
• ay alao coneluda that* at laaat within '•Ikpc of tha aun, y*ray aurvaya can ba 
uaad to traca tha total naaa of Intaratallar gaa conplaxaa. Thla provldea 
aupport for the Idea of ualng large aeale galactic y-ray aurveya to trace the 
total gaa (atonic plua molecular) In different reglona of the Galaxy - aa 
originally Indicated by the excellent correlation between ma^ave CO aurveya 
and ir~ray aurveya (aee referencea in part !)• A particularly prominent 
feature In the CO, Y~ray, and new far Infrared aurveya la the 5 kpc king or 
Great Galactic Ring (Stacker 1977; 1978)(aee Figure 3), 

One important feature of the y-radiatlon la the low Intenalty of the 
Y*ray emlaalon from the outer galaxy. Ualng the 21em neaaurementa to aet a 
lower limit on the amount of gas In the anticenter direction, the low y-ray 
fluxea Indicate that the cosmic ray Intenalty tmist fall off by at least a 
factor of two In the outer galaxy. Indicating a large scale radial radlent In 
the galactic coamlc ray distribution and showing that most cosmic rays are of 
galactic origin (Dodds, Strong and Holfendale 1975; Stacker 1975). 

Indications of a significant amount of H 2 in the outer parts of the Galaxy not 
aeen In 21 cm (Kutner and Mead, 1981 and Blits, this workshop) would 
strengthen this conclusion by Indicating that the cosmic ray flux may fall off 
by as much as a factor of 4-6 in the region 15-20 kpc from the Galactic 
center. 


Turning toward the Inner parts of the Galaxy, we find that the cosmic ray 
Intenalty flux Is I(5kpc) ■ (2-5) Iioc ring using a volume- 

averaged value for the H 2 gaa density <n^ >« 1.5-2 cn"^ (Gordon and Burton 
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1976f Solonon and Sandars I960)* 9ha 9 alaotie radial diatrllmtion of ooamio 
raya l(R) aliaiea tha dlatribution of a^pamova raananta on a aoala of 
kiloparaaea* oonalatant with tha hypo^aaia that aoparnovaa (or othar ppp i 
ralatad phanonana) produca noat galactic coamic raya (Staokar 1979* 1977) and 
eonaiatant with aiaqpla modala for galactic coaaic ray diffuaion (Staokar and 
Jonaa 197/). 

othar Population i phanca«na track with th4 radial diatribution of GO* 
axhibiting tha S-kpc maximum. Tha pulaar and Y^ray diatributiona ara 
remarkably aimllar (Harding and Stacker 1981). Tha di*!tribution of HIX 
ragiona and ioniaad gaa (Lockman 1976) alao falla into thia category aa doaa 
tha diatribution of far infrared amlaalvity (Cheung 1980; Cheung* Facio 
Stacker* Sandera and Solomon 1981). kll these data lend support to the idea 
that the H.| cloud conponent of the interstellar medium plays the active 
dynamical role in Population I star formation processes and in participating 
in the dynamical processes which result in the observable structural 
characteristics of spiral galaxies (Burton 1976. Stacker 1976). 

III. The FXR data: 

Following this idea* Fazio and Stacker (1976) predicted that the galactic 
far infrared (FXR) distribution should also exhibit a characteristic form 
correlated with the CO distribution and having a pronounced peak at Rg^j^ ■ 
Skpe. This has indeed proved to be the case. Fazio and Stacker proposed a 
sing>le model for predicting the FIR emissivity by assuming a constant gas/dust 
ratio of 100:1* and a dust temperature (Goldreich and Kwan 1974) T ^ ■ 2 
2T^j^c,C0* edvent of better determination of H 2 column densities from ^^CO 

surveys (Solomon* Scoville and Sanders 1979) and kinetic teng>eratures from 

data (Solomon and Sanders 1980) have led to a fine tuning of the Fazio- 
Stacker model which has been centred with new FXR survey data from the 
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Goddard 8>aco Plight Concor Infrared group led by N. Rauaer* Pr^sllalnary 
aualyele of thle data (Cheung 1980) haa revealed an excellent qualitative and 
quantitative (within a factor of 2) agreenent between nodal and obeervation 
(Cheung, Faslo, Stocker, Sandera and Soloaon 1981), eupportlng the general 
conclusion of the previous section (see Figure 4). In this ease, the far 
Infrared (100 urn ~ 2000pn) enlsslon Is fron the reradlatlon of dust associated 
with and located within the specific H 2 eonplexes seen In large scale CO 
surveys (as well as In HII regions). The correlation between CO, FIR and 
yray enlsslon, together with the large enhancenent of Y*ray enlselvlty In the 
5-kpc region (Stacker 1977) leads to the conclusion the H 2 la the donlnant 
fora of the Interstellar gas In the Inner galaxy and that the nunbers 
for <n^ > obtained by Gordon and Burton (1976) and Solomon and Sanders (1980) 
are fairly accurate. Much lower values for-<n > In the 5 kpc region, as 

"2 

advocated by Cohen, et al. (1S80) are In prlna facie conflict with the Y*vay 


results. If <nj| > * ^^hI^ ^**kpc, an explanation of the Y'ray enhancement 

would require 1^^(5 kpc) » Ixoc* creating severe Instabilities In the 
Interstellar gas disk owing to the Imbalance which such a large cosmic ray 


pressure would create. Thus, It Is the gas which Is slgnlelcantly enhanced in 


the 5-kpc region. Since nuj(5-kpc) * nnj^^oc* value for n^j^ must increase 
significantly in the 5-kpc region In order to account for the Y^ray emlsslvity 


there. Thus, one can a^e how taking a "synoptic" viewpoint In looking at this 
Galaxy and the Interstellar medium can be most helpful. The reader Is 
referred to the references for more details of the work discussed here. 
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Fl^rt C«ptlon«t 

Figure 1« A flow dlegrea ehowing the evolution end Interection of verlout Fop I 
phenooene (SN • eupemove, PSR ■ pulaer, CR ■ cosmic reya, OB ASS ■ OB 
Aasocietion) and raaulting radlationa ii: various wavelength regions (double 
boxes) which can be seen over the galaj^r as a whole (low opacity)* 

Figure 2* A map of the Orion region shown in CO (contour lines) and 100 McV 
Y**ray emission (sharping) after Caraveo, et al. (19S0)* The mid-level shading 
corresponds to the observed flux used in equation (3) (see text)* 

Figure 3* 'ladlal distribution of galactic yray emisslvity (1 kly ■ 3*26 kpc) 
shown for the galactic longitude ranges 0° < i < 180^ (positive) 
and 180^ <■ i < 360° (negative). 

Figure 4. Galactic far Infrared brightness distribution as observed by the 
Goddard Space Flight Center Infrared survey (see text) and as obtained from 
the theoretical model described in the text* 
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